Increases in the acoustic startle response (ASR) of animals have been reported following experimental manipulations to induce tinnitus, an auditory disorder defined by phantom perception of sound. The increases in ASR have been proposed to signify the development of hyperacusis, a clinical condition defined by intolerance of normally tolerable sound levels. To test this proposal, the present study compared ASR amplitude to measures of sound-level tolerance (SLT) in humans, the only species in which SLT can be directly assessed. Participants had clinically normal/near-normal hearing thresholds, were free of psychotropic medications, and comprised people with tinnitus and without. ASR was measured as eyeblink-related electromyographic activity in response to a noise pulse presented at a range of levels and in two background conditions (noise and quiet). SLT was measured as loudness discomfort level (LDL), the lowest level of sound deemed uncomfortable, and via a questionnaire on the loudness of sounds in everyday life. Regardless of tinnitus status, ASR amplitude at a given stimulus level increased with decreasing LDL, but showed no relationship to SLT self-reported via the questionnaire. These relationships (or lack thereof) could not be attributed to hearing threshold, age, anxiety, or depression. The results imply that increases in ASR in the animal work signify decreases in LDL specifically and may not correspond to the development of hyperacusis as would be self-reported by a clinic patient.
INTRODUCTION
The acoustic startle response (ASR) is muscular activity produced reflexively in response to a sudden loud sound. The ASR is evolutionarily conserved across mammals (Braff et al. 2001 ) but is measured in various ways, depending on the species. In nonhuman animals, it is typically quantified by means of the whole-body response to a brief high-level sound pulse, whereas in humans it is commonly measured by the strength of the eyeblink response to the sound pulse. The ASR and measurement paradigms based on the ASR (such as those measuring prepulse inhibition) have been a mainstay of studies on a range of brain-based disorders in human and non-human animals (e.g., Geyer and Braff 1987; Davis et al. 1993; Grillon et al. 1996; Grillon 2002; Meincke et al. 2004; Ludewig et al. 2005; Gallo et al. 2008; Madsen et al. 2014) . In the auditory field, increased ASR amplitude has been hypothesized to be a marker of hyperacusis (Ison et al. 2007; Turner and Parrish 2008; Sun et al. 2009 Sun et al. , 2012 Chen et al. 2013; Hickox and Liberman 2014; Salloum et al. 2014) , that is, diminished tolerance of moderate to high-level sounds (Anari et al. 1999; Baguley 2003; Schecklmann et al. 2014 ). This hypothesis arises from work in rodents showing increases in ASR following systemic salicylate administration or excessive exposure to sound (Ison et al. 2007; Turner and Parrish 2008; Sun et al. 2009; Chen et al. 2013; Hickox and Liberman 2014) . As yet, there has been no direct test of the hypothesized relationship between ASR amplitude and hyperacusis. However, it is a test well-worth performing as it would establish whether or not ASR amplitude can be used as an objective read-out of hyperacusis in animals unable to report their tolerance of sound and in clinical trials of interventions aimed at reversing hyperacusis in patients suffering from the condition.
While there has been no direct and controlled examination of the ASR in relation to behaviorally verified hyperacusis, there are related studies in the literature on tinnitus, a condition defined by phantom perception of sound that often occurs along with hyperacusis (Anari et al. 1999; Baguley 2003) . Specifically, Fournier and Hébert (2013) reported generally greater ASR amplitude in people with tinnitus compared to control subjects without tinnitus. In a separate report, the same team found reduced loudness discomfort levels (LDL), a behavioral indication of reduced sound tolerance, in tinnitus subjects compared to controls . Taken together, the ASR and LDL studies are consistent with a relationship between increased ASR amplitude and reduced sound tolerance as measured by LDL. On the other hand, the ASR elevations reported by Fournier and Hébert could have instead been related to tinnitus, or possibly greater anxiety among those with tinnitus, as pointed out by the investigators. Furthermore, even if elevated ASR amplitude corresponded to reduced LDL, it is unknown whether it also corresponded to self-recognized reductions in sound tolerance based on daily life experience. LDL and self-reported sound tolerance are not necessarily correlated, so one cannot be assumed to predict the other (Filion and Margolis 1992; Anari et al. 1999) .
The present study, in humans, directly compared the ASR to sound tolerance assessed via two measures: LDL and self-report via a brief inventory. The wording of the inventory was designed to assess tolerance deriving from the level of sound (loudness hyperacusis in the terminology of Tyler et al. 2014) , as opposed to other sound characteristics, or other forms of hyperacusis: fear of sound (phonophobia or fear hyperacusis), or dislike of sound (misophonia or annoyance hyperacusis; Baguley 2003; Tyler et al. 2014) . Thus, both sound-tolerance measures (LDL and self-report) were directed at measuring what our group has previously termed Bsound-level tolerance^( SLT; e.g., Gu et al. 2010) . To enable any relationships between ASR and SLT to be decoupled from relationships between ASR and tinnitus, there were two participant groups, one with tinnitus and one without, each comprising people with different (overlapping) degrees of SLT. Testing included a battery of psychological and other inventories, so effects of anxiety and other non-auditory factors potentially related to ASR amplitude could be removed from the comparisons of ASR and SLT.
METHODS

Participants and Assessments
The present report is based on 52 participants (34 men; 34-63 years; 23 with tinnitus) recruited for this study by means of advertisements and through Massachusetts Eye & Ear Infirmary clinics. Informed consent was obtained prior to participation. The study was approved by the Human Studies Committee of the Massachusetts Eye & Ear Infirmary. People reporting current use of psychotropic medications or supplements (including benzodiazepines, antidepressants, stimulants, anti-seizure medications) were excluded because of possible effects on the ASR (see Davis et al. 1993 for review).
All participants had clinically normal to nearn o r m a l a u d i o g r a m s : 3 6 o f t h e 5 2 h a d thresholds ≤ 25 dB HL at octave intervals from 250 to 8000 Hz in both ears, while the remaining 16 participants met the same criteria, except for thresholds of 30 or 35, and in one case 40, dB at either 4000 or 8000 Hz in one or both ears. Mean audiograms for participants, divided according to tinnitus status and sex, are shown in Figure 1A .
Testing Sessions
Participants were invited for two test sessions both involving behavioral measurements, questionnaire evaluations, and ASR testing. The behavioral and questionnaire data are given in Tables 1 and 2. In session 1: (1) Pure-tone thresholds were obtained with an Interacoustics AC40 audiometer and TDH-39P headphones at half-octave intervals from 125 to 8000 Hz, and with Sennheiser HDA200 headphones at 9, 10, 11.2, 12.5, 14, and 16 kHz. (2) Loudness discomfort levels (LDL) were measured (described below under BMeasures of Sound-Level Tolerance: Loudness Discomfort Level^). (3) Participants completed questionnaires assessing SLT (Tyler et al. 2003) , medications and supplements and, for those with tinnitus, a questionnaire on tinnitus perceptual characteristics and history. (4) ASR measurements were collected in two conditions used in the animal literature: continuous background noise and quiet (described under BAcoustic Startle Reflex Measurement^). The continuous noise condition is standard in the human ASR literature (Blumenthal et al. 2005; Swerdlow et al. 2007 ).
In session 2: (1) For participants with tinnitus, measurements were made of tinnitus loudness and pitch, minimum masking level with broadband noise, and residual inhibition of tinnitus after broadband noise. (2) Questionnaires were completed to assess: SLT (again), depression (Inventory of Depressive Symptomatology, Rush et al. 1996) , anxiety (Spielberger 1983) , medications, and supplements (again). Participants with tinnitus also completed the tinnitus handicap inventory (THI, Newman et al. 1996) . (3) The ASR was measured in continuous background noise.
A majority of participants provided data for session 2 as well as session 1, but 10 did not. Reasons for the lack of session 2 data are as follows: (1) the ASR stimuli were too aversive for two participants (301 and 347); (2) two (373, 381), not on psychotropic medications for session 1, were taking them in session 2, so the session 2 data were excluded; (3) the session 2 ASR data were too noisy to use (403), (4) an initial version of the session 2 protocol was used that was subsequently revised (340, 353, 321) ; and (4) the participant did not return for unknown reasons (328, 370) .
Because the ASR is sensitive to cortisol levels, which follow a circadian cycle (Miller and Gronfier 2006) , all testing took place at a similar time of day: during the afternoon or early evening when cortisol levels tend to be lowest, resulting in a higher ASR.
Measures of Sound-Level Tolerance: Loudness Discomfort Level
Loudness discomfort level (LDL) for both broadband noise and a 500-Hz warble tone were measured for each ear as follows (Cox et al. 1997; Gu et al. 2010 ). Monaural noise (or monaural 500-Hz warble tone) was presented for about 2 s per stimulus over headphones at progressively higher levels in 5-dB steps beginning at approximately 15 dB above threshold (5 dB above threshold for the 500-Hz warble tone). For each level, subjects rated (that is, reported orally) the perceived loudness on a scale from 1 (very soft) to 7 (uncomfortably loud). Four consecutive runs were completed for each ear, and each run was terminated when the subject reached a 7, or a maximum tested level of 117 dB SPL (126 dB SPL for the 500-Hz warble tone), whichever came first. Average sound level at 7 for the last two runs was the LDL for the stimulated ear in dB SPL (Table 1) . If the subject did not reach 7, a lower bound on the LDL was the average of the highest level reached for the last two runs. Finally, LDL (or lower bound) for the ears was averaged to give the LDL values in Table 1 and used in analyses of the ASR.
Measures of SLT: Sound-Level Tolerance Questionnaire
The sound-level tolerance (SLT) questionnaire (SLTQ) asked subjects to rate agreement with the following statements about sound perception in everyday life: (1) Many everyday sounds are unbearably loud to me; (2) Sounds that others believe are moderately loud are too loud for me; (3) I hear very soft sounds that others with normal hearing do not Subject has occasional right-ear tinnitus that was not heard during testing hear. Ratings were averaged across statements and normalized to yield an SLTQ score between 0 (low tolerance) and 1 (high tolerance).
Acoustic Startle Reflex Measurement
The acoustic startle reflex (ASR) was measured in each subject by means of a commercial setup (SRHLab, San Diego Instruments, San Diego, CA), which included hardware and software to both produce and deliver the acoustic stimulus, and record the electromyogram (EMG) of the eyeblink response. During measurement of the acoustic startle reflex (ASR), subjects were seated in a sound-attenuated booth. Silver chloride electrodes coated with a layer of conductive electrode gel (Parker SignaGel) were applied to the skin by means of adhesive electrode washers (Grass Technologies) after the skin was cleaned with water. Two EMG recording electrodes were positioned under the left eye on the skin over the orbicularis oculi muscle, about 1-2 cm apart, as recommended by Blumenthal et al. (2005) . A third electrode that served as the signal ground was attached to the middle of the forehead. The electrode wires were loosely bound together to help cancel noise artifacts. The EMG signal for natural eyeblinks was visually and qualitatively assessed via the software interface for a good signal-to-noise ratio before starting the ASR measurements.
Subjects listened to six consecutive runs, each comprising a 2-min acclimation period followed by a series of ASR stimuli presented at ascending sound levels in 5-dB steps and separated by 11-19 s. The ASR stimuli were 40-ms pulses of broadband noise delivered binaurally (stimulus spectra in Fig. 2 ). During the first three runs, a continuous background of binaural broadband noise (70 dB SPL after Aweighting) underlay both the acclimation period and the ASR stimuli (background noise condition). These runs were followed by three more runs without background noise (quiet condition; session 1 only). The intensity of the pulses ranged from 75 to 110 dB SPL (after A-weighting) for runs in the noise background and 50-110 dB SPL (after A-weighting) in the quiet background. Having subjects rate the loudness of each ASR stimulus (as described previously for LDL measurement) ensured that they remained awake and moreover ensured that no subject was exposed to a sound level above their tolerance limit: A run was terminated if the subject rated a pulse Buncomfortably loud.^Subjects were asked to remain still and as relaxed as possible during the measurements, with their gaze centered on a copy of the loudness rating scale that was attached to the wall of the booth at about eye level. All sound stimuli (ASR stimuli and background noise during the noise condition) were presented through Sony MDR-V6 headphones.
ASR Quantification
The EMG recordings were first visually inspected for spontaneous eyeblink activity during the 140-ms baseline preceding ASR stimulus onset. Recordings free of baseline eyeblink activity were rectified and then smoothed by a moving average with a 6-ms window. ASR amplitude was computed as a difference: the root-mean square of the 100-ms interval beginning 20 ms after ASR stimulus onset (response window in Fig. 3 ) and the root-mean-square of the 140-ms baseline preceding the ASR stimulus (baseline window). Amplitudes for trials with the same stimulus level and background condition were then averaged across runs. ASR threshold was defined as the lower of the first two consecutive levels where ASR amplitude ≥5 μV in the level series. If ASR amplitude only reached 5 μV at the highest tested level, that level served as the ASR threshold. In some individuals, ASR amplitude never reached 5 μV even at the highest stimulus level, so ASR threshold was unknown, and the highest stimulus level served as the lower bound.
Statistical analysis was carried out by means of MATLAB® (The Mathworks, Natick, MA) and Graphpad Prism (San Diego, CA). Error is reported as the standard error of the mean. measured by eyeblink EMG, showed an overall increase with increasing ASR stimulus level in the majority of subjects in both the noise (Fig. 4A ) and quiet (4B) background conditions. This trend was apparent in individual subjects and on average (thin solid and thick dashed curves, respectively, in each panel) regardless of tinnitus status (compare left and right panels of Fig. 4A, B) . Amplitude varied greatly across individuals, ranging from 0 (no response) to approximately 120 μV at the highest stimulus level in both noise and quiet background conditions. ASR threshold for some participants was below the minimum tested sound level. In others showing no response at any level, ASR threshold presumably exceeded the maximum tested stimulus level. All subjects are included in the following analyses, even if ASR threshold was below or above the range of ASR stimulation levels used.
RESULTS
Overview of ASR Data
Relationship Between ASR and Loudness Discomfort Level
ASR amplitude, measured in either background noise or quiet conditions, showed negative correlations with LDL ( Fig. 5A-C ; session 1 data). This was the case regardless of LDL stimulus (500 Hz warble tone or broadband noise). Whether or not they had tinnitus, individuals with the highest LDLs had a low or non- 105 dB SPL after A-weighting. B ASR at eight stimulus levels after averaging the raw EMG across trials, rectifying, and smoothing. ASR amplitude at each level was calculated as the root-mean-square over a 100-ms response window (gray shading) minus the root-meansquare over a 140-ms pre-stimulus baseline window. Session 1 data.
existent ASR, whereas subjects with lower LDLs generally had larger ASR amplitudes (Fig. 5A, B) .
Correlation between ASR amplitude and LDL was significant for most ASR stimulus levels above 80 dB SPL (Fig. 5C ).
In keeping with the relationship between ASR amplitude and LDL, ASR threshold tended to be lower in subjects with lower LDLs. This trend can be seen for individuals with tinnitus (filled symbols) and for those without tinnitus (open) in Figure 6 , which shows ASR threshold plotted vs. LDL for the noise stimulus in both noise and quiet background conditions. Correlation between ASR threshold and LDL for the noise stimulus was significant (noise background: r(50) = 0.53, p G 0.0001; quiet: r(50) = 0.68, p G 0.0001), as was the correlation between ASR threshold and LDL for the 500-Hz warble stimulus (noise background: r ( 50 ) = 0 .4 9 , p = 0 . 00 02 ; q u i e t : r (5 0) = 0.5 8, p G 0.0001).
To test whether the relationships between ASR and LDL might arise because of a co-dependence on hearing threshold, LDL and ASR amplitude were also compared after re-expressing LDL in dB SL and converting ASR stimulus level from dB SPL to dB SL. ASR stimuli were converted by subtracting the subject's audiometric threshold for broadband noise from each stimulus level and rounding to the nearest 5 dB. All trends, or lack thereof, described in this paper held true when the data were converted to dB SL.
No Relationship Between ASR and SLTQ Score
In contrast to LDL, self-report of SLT as measured by SLTQ score was not correlated with either ASR amplitude or ASR threshold ( Fig. 7; session 1 data) . This was the case for ASR data taken in either the noise or quiet background conditions, across ASR stimulus levels (85-110 dB SPL; r(37-50) p ≥ 0.13), and for both tinnitus and no tinnitus groups (Fig. 7C) .
Relationships Between ASR and Tinnitus
In order to test for relationships between ASR amplitude and tinnitus, the dependence of amplitude on LDL was removed via linear regression for each stimulus level and background condition (for example, see regression lines in Fig. 5A, B) . A single regression based on the combined data (tinnitus and no-tinnitus) was used. Individuals in whom only a lower bound on LDL was known (symbols with right-pointing arrows in Fig. 5A, B) were excluded from the fit so as not to artificially bias the slopes or intercepts. Dependencies on LDL for the noise stimulus were regressed out for the results that follow, but the same main results Each symbol corresponds to a subject. Filled symbols: tinnitus. Open symbols: no tinnitus. Circles: men. Squares: women. Rightward arrows indicate that the value plotted horizontally is a lower bound on LDL, meaning that the subject did not reach a maximum loudness rating in one or both ears, even at the highest stimulus level used during LDL testing. Regression lines are for all subjects (solid line), for men only (dashed lines), and for women only (dotted lines). Symbols with arrows were not included in the fits. B Same as (A), but for ASR recorded in quiet. C Correlation between ASR amplitude and LDL (for noise and 500-Hz warble stimuli), for both noise and quiet ASR conditions (shaded and white bars, respectively) and ASR stimulus levels from 85 to 110 dB SPL. Correlation coefficients were calculated with the arrowed symbols included. Session 1 data.
were obtained using LDL for the 500 Hz warble tone. ASR threshold was analyzed in the same manner as ASR amplitude, but showed no significant difference between tinnitus and no-tinnitus groups with LDL regressed out and will not be considered further. Figure 8A shows mean ASR amplitude vs. level for the tinnitus and no-tinnitus groups after regressing out the effects of LDL for the noise stimulus. Mean ASR amplitude was greater for the tinnitus group at all but the lowest levels where mean ASR amplitude was near zero for both subject groups. A two-way ANOVA (tinnitus × stimulus level) showed a significant effect of tinnitus as well as an effect of stimulus level for both noise and quiet background conditions Greater ASR amplitude in the tinnitus group was not attributable to hearing threshold since mean audiometric thresholds for the tinnitus and no-tinnitus groups were closely matched ( Fig. 1A ; no significant differences at any frequency; t-tests, t(50) ≤ 1.7, p 9 0.087), nor was it attributable to age, which was also closely matched (mean ± SEM: 48 ± 2 years for tinnitus and 46 ± 1 for no tinnitus).
Separate Examination of Men and Women
To examine whether the ASR relates to SLT and tinnitus similarly in the two sexes, the ASR data were re-analyzed separately for male and female subjects. With respect to SLT, men and women independently showed the same trends as the overall subject cohort: (1) ASR amplitude increased, while ASR threshold decreased, with decreasing LDL (dashed and dotted regression lines in Figs. 5 and 6) and (2) ASR amplitude and threshold showed no correlation with SLTQ. Thus, there was no sex difference in the relationships between ASR and SLT.
It is less clear whether or not there was a sex difference in the relationship between ASR and tinnitus. Regressing out the effects of LDL for the noise stimulus revealed elevated ASR amplitude in tinnitus men compared to no-tinnitus men, which was significant ( Fig. 8B ; two-way ANOVA tinnitus × stimulus level, in noise: tinnitus effect F[1250] = 17.9, p G 0.0001; in quiet: tinnitus effect F[1387] = 30.2, p G 0.0001). However, after the same analysis of the data for women, ASR amplitude in women did not show a significant relationship to tinnitus and the non-significant difference was opposite that seen in the men. Compared to the men, the tinnitus and no-tinnitus women were fewer (8 and 10, respectively, compared to 15 and 19) and less well matched in mean audiogram and age (compare Fig. 1B, C ; mean age ± SEM: 51 ± 3 years for tinnitus and 47 ± 2 for no tinnitus compared to 46 ± 3 and 46 ± 1). Thus, in the end, the data raise the possibility that women differ from men in not showing a relationship between ASR and tinnitus, but do not allow a firm conclusion.
Test of Replication: Session 2 Data
The ASR data from session 2 enabled a test of replication of the trends described so far. For session 2 data: (1) ASR amplitude was negatively correlated with LDL for all levels, and significantly so at the higher levels (noise, stimulus level 100 dB SPL: Spearman r(36) = −0.38, p = 0.019; stimulus level background conditions, decreased with decreasing LDL. Each symbol corresponds to a subject. Filled symbols: tinnitus. Open symbols: no tinnitus. Circles: men. Squares: women. Rightward arrows indicate that the value plotted horizontally is a lower bound on LDL. Upward arrows indicate that ASR threshold was higher than the highest ASR stimulus level tested. Downward arrow indicates that ASR threshold was below the lowest ASR stimulus level tested. Regression lines are a fit to the data for all subjects (solid line), for men only (dashed lines), and for women only (dotted lines). Data points with arrows were not included in regression fits. ASR threshold was significantly correlated with LDL whether or not the arrowed symbols were included (noise background: r(50) = 0.53, p G 0.0001; quiet: r(50) = 0.68, p G 0.0001; Spearman) or excluded (noise background: r(29) = 0.53, p = 0.0022; quiet: r(27) = 0.40, p = 0.032).
105 dB SPL: r(40) = −0.34, p = 0.028; 500-Hz warble tone, stimulus level 110 dB SPL: r(36) = −0.32, p = 0.047). (2) There was no correlation between ASR amplitude or threshold and SLTQ score. (3) After the effects of LDL for the noise stimulus were regressed out, mean ASR amplitude for the tinnitus group was greater than that of the no-tinnitus group (two-way ANOVA, tinnitus × stimulus level). This was the case for all subjects (effect of tinnitus: F(1305) = 6.8, p = 0.0097) and for men alone (F(1184) = 6.4, p = 0.013). In other words, the major relationships between ASR and LDL/tinnitus apparent in the session 1 data were replicated in session 2, as was the lack of relationship between ASR and SLTQ.
Lack of Relationship to Anxiety or Depression
Given previously reported relationships between ASR and anxiety (see Grillon 2002 for a review), the present data were examined for possible relationships to either state anxiety scores (anxiety related to the immediate term) or trait anxiety scores (anxiety over the longer term) from the anxiety inventory (scores given in Table 1 ). First, to determine whether LDL correlated with ASR because it served as a proxy for anxiety, state and trait anxiety were tested for possible correlations with LDL. No correlations were found for either LDL stimulus (noise or 500 Hz warble) in any subject group: all subjects, men only, women only (|r|(16-50) ≤ 0.10, p ≥ 0.48).
Second, the ASR data were tested directly for correlations with anxiety scores. Given the short-term nature of the state anxiety score, and the fact that the anxiety inventory was administered in session 2, state anxiety scores were compared to ASR data taken in session 2 only, while trait anxiety scores were compared to ASR data from both sessions. Analyses were done on ASR threshold and ASR amplitude (LDL regressed out) at stimulus levels high enough to routinely elicit a response (85-110 dB SPL). The results are as follows. State anxiety scores showed no correlation with either ASR amplitude or ASR threshold (session 2 data, ASR in noise background: |r|(36-40) ≤ 0.27, p ≥ 0.085, Spearman test). Trait anxiety also showed no correlation with either ASR amplitude or ASR threshold (session 1, noise or quiet background: |r|(16-50) ≤ 0.11, p ≥ 0.43; session 2, noise background: |r|(11-40) ≤ 0.28, p ≥ 0.069), except at one isolated ASR stimulus level in session 2 (90 dB SPL; correlation dominated by one outlier). In summary, there was little or no indication of a relationship between anxiety and ASR in the present data.
A similar analysis was carried out to compare depression scores with ASR amplitude and threshold. The depression scores of almost all subjects fell in the range of mild to no depression (≤25; Table 1 ). One subject fell in the moderate range (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) , and no subjects fell in the severe to very severe range (949). Neither ASR amplitude nor threshold showed correlations with depression (|r|(11-49) ≤ 0.33, p ≥ 0.19), with an isolated exception in the session 2 data (ASR amplitude at one stimulus level, 90 dB SPL). Thus, there was little or amplitude at 95 dB SPL after A-weighting (A) and ASR threshold (B), both in the noise background condition, plotted vs. SLTQ. Each symbol corresponds to a subject. Filled symbols: tinnitus. Open symbols: no tinnitus. Circles: men. Squares: women. Upward arrows indicate that ASR threshold was higher than the highest ASR stimulus level tested. Downward arrow for the lowest point in (B) (corresponding to subject 378) indicates that ASR threshold was below the lowest ASR stimulus level tested. Regression lines are for all subjects (solid), men only (dashed), and women only (dotted) and were fit with the arrowed symbols excluded. C Correlation coefficients between SLTQ and ASR amplitude were small and not significant (|r|(37-50) ≤ 0.088, p ≥ 0.29) at any stimulus level, in both noise and quiet ASR measurement conditions (gray and white bars, respectively).
no indication of a relationship between depression and ASR.
Lack of Relationship to Tinnitus Variables
Finally, ASR amplitude and threshold in noise and quiet backgrounds (LDL regressed out) were tested for correlations to tinnitus variables: score on the THI, tinnitus loudness assessed via loudness match, and tinnitus MML. No significant correlations were found (|r|(11-19) ≤ 0.48, p ≥ 0.064, uncorrected for multiple comparisons).
DISCUSSION
The results demonstrate a correlation between reduced LDL and both elevated ASR amplitude and reduced ASR threshold, whereas they provide no indication of a relationship between ASR and a second measure of SLT, SLTQ score. The correlations between ASR and LDL were robust in that they were seen for ASR measurements in both noise and quiet background conditions and for both men and women separately. Moreover, they were not attributable to any other factor measured in this study, including audiometric threshold, age, or anxiety. While the ASR showed some relationship to tinnitus, the relationship was not sufficient to overshadow the relationship between ASR and LDL, which was demonstrable in all subjects combined, as well as tinnitus and no-tinnitus subjects alone. The difference between LDL and SLTQ in relation to ASR is reasonable given previous comparisons between LDL and questionnaires on sound tolerance, which have generally described poor or inconsistent correlation between these two types of measures (Filion and Margolis 1992; Anari et al. 1999; Jastreboff and Jastreboff 2004; however, see Bläsing et al. 2010 ; note also the low and barely significant correlation between LDL and SLTQ scores of Table 1 : noise LDL, r(50) = 0.30, p = 0.031; 500-Hz LDL r(50) = 0.13, p = 0.37). One possible reason for a lack of concordance between LDL and SLTQ is that the two measures reflect tolerance of different types of sound. The SLTQ asks subjects to rate their tolerance of sounds experienced in everyday life, but these may bear little spectral or temporal resemblance to the 500 Hz warble tone or broadband noise used here as LDL stimuli. Another possibility is that recognition of, or reaction to a given reduction in LDL may differ across individuals in the same way awareness of, and distress related to tinnitus differs across individuals with similar tinnitus loudness (Anari et al. 1999; Tyler et al. 2014) . In other words, there is the auditory perceptual deficit (reduced LDL) and superimposed neocortical processes that determine whether or not the deficit is problematic to the individual (reflected in SLTQ 
Revised Interpretation of Elevated ASR in Animals
The present results bear on the interpretation of previous animal data in which elevations in ASR amplitude following various manipulations have been proposed, or implied (e.g., through use of the term hyperacusis-like) to be related to hyperacusis (Ison et al. 2007; Turner and Parrish 2008; Sun et al. 2009; Sun et al. 2012; Hickox and Liberman 2014; Chen et al. 2013; Salloum et al. 2014 ). The present human data indicate that ASR elevation reflects only one of the multiple dimensions comprising the complex clinical condition that is hyperacusis (Anari et al. 1999; Tyler et al. 2014) . There are of course differences between the animal and human ASR work, including species and the particular muscular response being measured (whole body response vs. eye-blink). However, the most straightforward conclusion to draw is that the elevations in ASR seen in experimental animals do not reflect hyperacusis in toto, but rather reflect one aspect of hyperacusis, namely reduced LDL.
ASR as an Objective Indicator of LDL
The correlations between LDL and ASR amplitude/ threshold suggest that the ASR might provide an objective indication of LDL. However, the correlations, while statistically significant, are not high enough that the ASR can be used as an accurate Bread-out^of LDL in individuals. Instead, the data indicate that the ASR can be used to divide subjects into broad LDL categories as illustrated in Figure 9A , where subjects with ASR amplitude above the median have significantly lower LDLs than subjects with ASR amplitude below the median. Figure 9B shows a similarly significant difference in LDL for subjects distinguished based on ASR threshold. The present human data, and the proofof-concept they provide, make a good case for using ASR amplitude (or ASR threshold) to distinguish groups of experimental animals with lower and higher LDLs.
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